Eleven-S globulin heated in the presence of TV-ethylmaleimide (NEM) retained its buffersoluble state. Its gel filtration gave two peaks. Twokinds of electrophoresis indicated that the first peak contained soluble aggregates consisting of intermediary subunits as the major component,and the second peak contained a monomer of acidic subunit and a monomer of intermediary subunit.
soluble state. Its gel filtration gave two peaks. Twokinds of electrophoresis indicated that the first peak contained soluble aggregates consisting of intermediary subunits as the major component,and the second peak contained a monomer of acidic subunit and a monomer of intermediary subunit. With an increase in heating time, soluble aggregates polymerized through disulfide bond occurred a little. The temperature of the endothermic peak of 1 IS globulin heated in the presence ofNEMwas slightly higher than that in the absence of NEM.
With the purpose of acquiring basic knowledge as to the thermal aggregation of US globulin, we previously studied the thermal aggregates electrophoretically1} and proposed a mechanism of thermal aggregation.2)
According to the mechanism, each various degree of the polymerization of oligomer and polymer constituting thermal aggregates is settled through the addition and release of subunits by disulfide exchange. In order to investigate the role of secondary force on thermal aggregation in a state of repressed disulfide exchange, we tried to block sulfhydryl residues in the presence of NEMon heating.
Wolf and Tamura3) reported that US globulin heated in the presence of NEMwas not precipitated on continued heating for 30 min. Wehave been interested in this phenomenon, and we have previously studied the stae of aromatic amino acid residues which participate in hydrophobic region.4) In the present investigation, we studied the dissociation and rearrangement of US globulin molecules by heating in the presence of NEM in order to discuss the relationship between the hydrophobic region and its subunit structure.
MATERIALS AND METHODS
Materials. The Raiden variety of soybean was used throughout this work. Defatted meal was prepared from soybean by grinding, defatting by «-hexane and removing the solvent at roomtemperature. All the reagents were of the highest grade. Sepharose CL-2B and TOYOPEARL HW-65were obtained from Pharmacia Fine Chemicals and Toyo Soda Mfg., Co., Ltd., respectively. Purified US globulin was prepared by the method described in the previous paper.l)
Procedure of heat treatment. The purified US globulin was kept in solution and used for heat treatment. In experiments with NEM,a portion of stock protein solution was made 0.02m with NEMby adding the solid reagent.
Heating studies were carried out with 2ml portions of 0.5% protein solution (in standard buffer, phosphate buffer of pH 7.6 and 0.5 ionic strength) in an oil bath which was kept within the desired temperature of 100°C. Test tubes were loosely stoppered with glass marbles to reduce water evaporation. At the end of the desired heating time, the test tubes were removed and immediately cooled in ice.
Gel filtration; The heated protein solution was gelfiltrated on a column (2 x 90cm) of Sepharose CL-2B or TOYOPEARL HW-65by elution with standard buffer or 0.5% SDS in deionized water, respectively.
Column effluents were collected in 3.5 ml fractions and monitored at 280 nm. Protein-containing fractions were pooled, concentrated by ultra filtration, dialyzed against deionized water and lyophilized.
Electrophoresis. Acetic acid-gel electrophoresis in 6 m urea and 9%acrylamide gels was performed according to the method of Kitamura et al.5 
RESULTS
Fractionation of US globulin heated in the presence of NEM As shown in Fig. 1 , gel filtration indicated that thermal products induced in the presence of NEM consisted of two components.
Judging from each peak area, buffer-soluble aggregates (first peak in Fig. 1 retaining the disulfide bonds in thermal products. Eleven S globulin has the intermediary subunits in which one mol of the acidic subunit linked with the specific partner of one mol of the basic subunit through disulfide bridges.5) A time course of thermal aggregation and dissociation of US globulin analyzed by gel electrophoresis without reducing the disulfide bridges showed dissociation followed by rearrangement of the intermediary subunits.
Heating for 1 min did not induce such soluble aggregate as a macromoleculeshownin Fig. 1 . As shown in Fig. 3 -a, the acetic acidurea electrophoretogram of soluble aggregates indicated that the electrophoretic mobility of zone a coincided with that of the intermediary subunit.
Furthermore, its electrophoresis showed the zones (zones b in Fig. 3-a) as having a lower electrophoretic mobility than zone a and those (zones c in Fig. 3-a) remaining in the origin of the gel. As shown in Fig. 3-b , acetic acid-urea electrophoresis indicated that zones a, b and c disappeared on the addition of 2-mercaptoethanol to each soluble aggregate, and acidic and basic subunits appeared. Each molar ratio (basic/ acidic) of soluble aggregates induced by heating for 5 and 10min was close to that of native US globulin.
Even on continued heating for 30min, the soluble aggregate had the molar ratio of 2.1 (about 3, in- componentscorresponding to zone c and zone a as the major component, respectively (their electrophoretograms are not shown). An acetic acid-urea electrophoretogram of soluble dissociates is shown in Fig. 3-a (D to   F) . Heating for 5min gave a major zone identical to that of the intermediary subunit.
With an increase in the heating time, an acidic subunit began to appear. Further heating for 30min gave only an acidic subunit. By the addition of 2-mercaptoethanol to each soluble dissociate, the zone identical with that of the intermediary subunit disappeared and an acidic and basic subunit appeared. The results obtained by SDS-urea electrophoresis of soluble aggregates and dissociates were similar to those obtained by acetic acidurea electrophoresis as described above.
Differential thermal analysis
The differential thermal analysis technique7?8) consists of measuring the difference in temperature betweena sampleand reference material when temperature is linearly in- creased with time. Figure 5 shows the thermogramsobtained from the denaturation of 1 IS globulin heated in the absence or presence of NEM. Both thermograms gave an endothermic peak, but not an exothermic peak.
The endothermic change of US globulin heated in the presence and absence of NEM appeared in the temperature range of 81°C to 113°C and 77°C to 109°C, with the peak minimum at 99°C and 96°C, respectively.
DISCUSSION
As sulfhydryl blocking represses disulfide exchange on heating, the contribution of secondary force to thermal aggregation could be investigated.
Wolf and Tamura3) demonstrated ultracentrifugally that the heating of US globulin in the presence of NEMgave The molar ratio (basic/acidic) of soluble aggregates suggested that sulfhydryl blocking in the presence of NEMon heating repressed the excess releasing of an acidic subunit followed by precipitation.
Gel filtration (Fig. 1) followed by electrophoresis (Fig. 3) showed that each soluble aggregate induced by heating for 5 and lOmin consisted of intermediary subunits as the major component. On the other hand, soluble dissociates may be a monomer of the intermediary subunit, a monomer of the acidic subunit or mixture of them, because they seem to correspond to the 3S fraction of Wolf and Tamura. 3) The dissociate induced at the initial stage of heating (5min) seems to be a monomer of the intermediary subunit, because it had the molar ratio (basic/acidic) close to 1. These facts suggest the mechanismof thermal aggregation in the presence of NEMto be as of heating, because 7S9'10) as trimer of an intermediary subunit has been detected, but its monomernever has. It is not clear whether this released intermediary subunit is a specific intermediary subunit of five kinds5} of intermediary subunits or not. Further studies on this released intermediary subunit will be reported elsewhere.
Electrophoresis
(component c in Fig. 3) and gel filtration (in the presence of SDS, first peak in Fig. 4 give the first peak shown in Fig. 4 Fig. 3-a) indicated that the continuous heating for 30min gave only an acidic subunit as soluble dissociates. These results suggest that the cleaved basic subunit is turned over soluble aggregates, which are retained in the hydrophobic region,40 because the basic subunit is hydrophobic.1} Studies on thermal aggregation in the presence of NEMsuggests that US globulin has sulfhydryl residues, which are located in a different environment. Draper and Catsimpoolas17) reported that US globulin has 20 disulfide and 1.7 sulfhydryl residues and all of them were buried in the interior of the protein molecule. Assuming that US globulin has two sulfhydryl residues, one may be easily exposed to a polar environment by heating.
Such a sulfhydryl residue may be blocked by NEMat the initial stage of heating. According to our results, this sulfhydryl residue maybe an initiator in the thermal aggregation of 1 1S globulin in the absence of NEM,because its blocking represses precipitation and causes the retention of a rigid conformation even on heating.4) On the other hand, the other may be hard to be exposed and remain in the hydrophobic region of the protein. This sulfhydryl residue may contribute to the stabilization of the subunit structure of the soluble aggregates, because local disulfide exchange, in which this sulfhydryl residue participates, may polymerize through a disulfide bond amongintermediary subunits and stabilize its subunit structure against further heating.
In order to investigate whether the presence of NEMon heating gives heat-resistant properties to the conformation of US globulin or not, the DTAthermogram of 1 IS globulin was measured in the presence or absence of NEM. Although the difference of temperature between endothermic peaks formed in the presence and absence of NEM was not distinguishable, each thermogram suggested that the presence of NEMon heating stabilized the subunit structure of US globulin.
